To establish the most important Norway spruce Romanian populations, open-pollinated progeny of ten plus trees originating from 33 seed stands mapped in the Romanian Carpathians have been evaluated for stem and crown characteristics at the age of 30 years, in two field trials: one established in their natural range (Breţcu trial), while the second was located outside of their natural range, in Subcarpathian lands (Avrig trial). Significant (p<0.05) differences were found among the seed stands in both sites for most of the characteristics, suggesting an additive genetic control with different levels of significance depending on the evaluated trait and the testing site. Location analysis also revealed a highly significant population x locality interaction for all traits. The same populations behave differently to the change of the ecological conditions. In the Avrig trial higher values were recorded than in the Breţcu trial for the tree slenderness coefficient (19%), crown slenderness coefficient (13.6%) and crown lateral area (9.4%). Although outside of their natural area, pruning height (m) increased 6.4%, however pruning height ratio (%) decreases by 1%, compared to the test established in their natural range. The populations from the Eastern Carpathians stand out by showing sustained growth and superior wood quality, while the populations from the Western Romanian Carpathians have generally smaller differences between the mean values of analysed traits in both field trials. Qualitative characteristics that influence the stability of stands to windthrow and snowbreak showed low levels of correlations to ecological gradients of the originating location of tested seed stands.
Introduction
One of the most important tree species from Europe, the Norway spruce [Picea abies (L.) Karst.] , covers approximately 23.4% of the entire Romanian forest area and 77% of coniferous forests. In the Romanian Carpathians, Norway spruce is the predominant species at altitudes between 1200 and 1800 m (Feurdean et al., 2011) . It is found in pure spruces stands, located at high and medium altitudes ranges, and in mixed stands with Silver fir and European beech, which are localised mainly in low and medium mountain zones (Şofletea and Curtu, 2007) .
This study analyses qualitative stem and crown characteristics in order to test the genetic value of open-pollinated progeny at 33 Norway spruce seed sources, in two field trials (Avrig and Breţcu) installed in 1980. The stem and crown characteristics are very important for trees stability against the wind and snow, for the wood quality, and also to predict the biomass assimilation. For this reasons, the stem and crown traits were previous analysed in many studies (Kantola and Mäkelä, 2006; Kilpelainen et al., 2010; Mäkinen and Hein, 2006; Mihai, 2009) .
The data obtained will be used to identify populations in the Carpathian areas where the Norway spruce has a better capacity for adaptation to environmental conditions, to enable sustainable forest management, and especially to ensure their increased stability. The behaviour of populations originated from different Carpathian branches, the results of local or nearest to testing site populations and of the population 5-Moldoviţa (I.U.F.R.O. standard provenance), as well as the correlations between analysed traits, and between these and the ecological gradients of the seed stands origin, are a further working hypothesis in this study. Also, the data obtained will be complementary to those obtained in Norway spruce field trials performed in various countries (e.g. France, Poland, Bulgaria, Finland, Hungary and Romania), where many populations originating from the Romanian Carpathians are considered superior to local populations and to the populations of other geographical areas (Alexandrov and Stancova, 1997; Enescu and Ioniţă, 2002; Giertych, 1993; Héois and Van de Sype, 1991; Naapola, 1997; Tollefsrud et al., 2008; Ujvari and Ujvari, 2006) , including in terms of their high capacity for biomass assimilation.
Materials and methods

Plant material
Selection of the 33 seed stands included in the experiment (Tab. 1) was based on representativeness criterion, each unitary plot evaluations were performed on 10 trees, so that for each local population 30 trees were measured, and the total number of trees studied in each trial was 1080.
The following measurements and determinations were taken concerning the following characteristics (traits):
A) Measured variables: -Total height (TH) and diameter at breast height (DBH); -Pruning height (PH), the height from the ground to first green branch; -Crown diameter (CD), as an average between the maximum and minimum value measured at the base of the crown. B) Calculated parameters: -Pruning height ratio (PHR) = (PH / TH) × 100; -Tree slenderness coefficient (TSC) = TH / DBH; -Crown slenderness coefficient (CSC) = TH / CD; -Crown ratio (CR) = (TH -PH) / TH × 100; -Crown lateral area (CLA) = (CH × CD) / 2, where CH is the height of the crown.
Applying ANOVA, variance components due to influence of populations and replications were determined, as well as residual variance. Corresponding to the experimental design used, the mathematical model for the analysis of variances was that recommended by Nanson (2004) and White et al. (2007): with the goal of having at least one valuable population from each R of p. Tested trees came from seedlings resulting from 10 open-pollinated seed trees for each population (Enescu and Ioniţă, 2002) .
The two field trials were established in different environmental conditions. The Avrig trial was located outside the Norway spruce's natural distribution range, in the Southern Subcarpathians, at 615 m altitude (about 300 m lower than the natural limit), at 45˚39'36" N and 24˚26'12" E (Budeanu et al., 2012) . The average annual temperature is 8.3 °C and the mean annual precipitation is 680 mm (ANM, 2011) . The Breţcu trial was located in the ecological optimum for the species, in the transition zone between the Eastern Carpathians and the Curvature Carpathians, at 1100 m average altitude, at 45˚58'16" N and 26˚24'12" E (Budeanu et al., 2012) . The average annual temperature is 4.8 °C and the mean annual precipitation is 830 mm (ANM, 2011) .
Experimental design and sampling
In both trials the experimental design was an incomplete balanced square grid design, type 6 x 6, with three replications and 49 seedlings per plot planted at 2 by 2 m spacing . Three of the 33 tested populations (The 1-3 code numbers) are repeated in each replication for completing the experimentally plot.
Data analysing
According to the methodology of data collection in such field trials developed by IUFRO (Lines, 1967) Tab. 1. Location of the tested seed stands (Şofletea 2012) where: m = overall average value, α i =component of i populations (i=1...a), β j =component of j replications in i populations (j=1...b), ε ij =random error affecting ij plots.
To determined what part of the variation was caused by populations and environment the bi factorial analyzed model were also used (Nanson, 2004) :where: m and αi have the same signification, β j = component of j localities (j = 1...b), αβ ij = interaction of i populations with j localities, ε ij k = random error.
The level of significance was established using the Fisher's (F) test and the population ranking and their homogeneous groups were determined using the Duncan's test (p = 5%). Also determined was the simple Pearson correlations between traits, and between traits and the ecological gradients of the originating seed stands. The most important multiple correlations were also determined.
All statistical analysis and graphs were performed using Statistica 8.0 and Excel.
Results and discussions
Pruning height (PH) and (PHR)
Pruning height mean value was 9.3 m in Avrig trial (PHR = 50%) and 8.7 m in Breţcu trial (PHR = 51%). For 78.8% of the tested seed stands the PHR values were higher for the field trial located in the Norway spruce's natural distribution range.
The comparative analyse of PHR values of both testing sites showed certain differences due to the populations being from different Carpathian branches. Thus, the greatest difference between the two testing sites was for the seed stands originating in the Western Romanian Carpathians, and was 4.5%. The populations from the Eastern Carpathians were the most stable with reference to the PHR values, the average difference between the two tested sites being 1.6%. In fact, from the total populations identified as valuable for this trait, more than half belonged to the Eastern Carpathians. Even when higher PH values were seen ONR, no matter which Carpathian branch they originated from, the average value for the Eastern Carpathians was higher than the average for the rest of the Carpathian branches by 5.7% to 6.8% (Fig. 1 ).
This situation was generated through the more active height growths ONR of the seed stands from the Eastern Carpathians, also revealed in other field trials located in the Carpathians or in other geographic areas Héois and Van de Sype, 1991; Mihai, 2009 ). For both experiments ANOVA (Tab. 2) revealed highly significant differences (p<0.001) between the seed stands. Factorial Anova (Tab. 3) shows a very significant influence of the test site, but in the same time highly significant differences among populations also resulted.
In both trials, local provenances were ranked in the second half, concerning PHR. The I.U.F.R.O. standard provenance (5-Moldoviţa) was registered a PHR of 50% (rank 16) ONR and 53% (rank 11) in the Breţcu test.
The PH was higher by 6.4% in the Avrig test, located ONR, as a result of higher values for total height (TH). In fact, between TH and PH there is a highly significant and positive correlation (Tab. 4), of greater intensity in Avrig trial (r = 0.30), compared to Breţcu trial. At the same time, the influence of the latitude of the seed stands origin was seen only in Avrig test (r = 0.11).
The PH values of approximately 50% of the total height have been reported in other studies in Romania, both in provenance trials, at the age of 40 years (Mihai, 2009 ) and in natural cvasivirgine stands (Florescu et al., 2002) . The correlation between PH and TH determined by Mihai (2002) in a series of provenance trials analysed at the age of 25 years was higher than in our study, varying between 0.59 and 0.93.
In Sweden, the PHR was only 22% of the total height, at the average age of 66 years of the trees analysed (Petersson, 1997). Relatively small values of PH were recorded for Sweden in trials on 30 year-old spruce (Norén and Persson, 1997) . However, in northern European spruce stands a highly significant correlation between PH and the TH was seen, as recorded by Tahvanainen and Forss (2008) in a study in Finland.
Tree slenderness coefficient (TSC)
In the field trial established ONR, as a consequence of the much more active height growths favoured by the specific site conditions, all the tested seed stands registered higher values for the TSC. The TSC average value was 101.6 in the Avrig test and 85.4 in the Breţcu test (19% difference). The amplitude of variation was about 2.4 times higher in the test placed outside of the natural area.
In accordance with this, applying the ANOVA test showed distinctly significant values between the seed stands in the Avrig test (p<0.01), but no significant differences in the Breţcu test (Tab. 2). Two way Anova (Tab. 3) shows a very significant influence of the test site, but in the same time a highly significant populations x locality interaction, suggesting that the same population react different to the changing of the environmental conditions. That conclusion is valuable for all of the analyzed traits.
Fig. 1. Pruning height and pruning height ratio in different branches of Romanian Carpathians
The values for TSC determined in our study are very close to those reported by Mihai (2009) for two provenance trials in Romania, on tress of 40 years of age, one situated outside the natural distribution range and one situated in the ecological optimum for the Norway spruce, in which higher values were also seen for trees outside of their natural range. The TSC decreases with age, and in mature stands in the Romanian Carpathians does not exceed a value of 80 (Florescu et al., 2002) . In Germany, at the same age (100 years), TSC increased according to stand productivity and increasing number of trees per hectare: 51 for 350 trees / ha and 84 for 1600 trees / ha (Mäkinen and Hein, 2006; Schmidt and Kändler, 2009 ). In Finland, at the age of 52 and 60 years a TSC of 89 and 85, respectively was observed (Rautiainen et al., 2008; Repola, 2009 ). In Norway, at the age of 30 years, of five examined full-sib field trials, the TSC had a value of 89 (Steffenrem et al., The largest differences between the two testing sites were seen for the populations coming from the Southern Carpathians (22.5%) and Eastern Carpathians (21.5%). These showed on the average the lowest values for the test located INR, and the highest ones for the test located ONR. In the test from outside the Norway spruce's natural distribution range we noted the Western Romanian Carpathians seed stands, because approximately 44% of them had values for TSC below 100 in Avrig test.
The seed stands situated at the smallest distance from the two testing sites (as local populations) showed different reactions. Thus, the local population 22-Bistra showed in the Avrig test one of the highest values for the TSC (107), which was a difference of 27.4% to the test in the natural area. In the Breţcu trial, the two local populations (10-Sânmartin and 15-Comandău) registered close values to the average for the entire trial (84 and 85, respectively). (Colin and Houllier, 1992) . The measurements made in a field trial established in Poland (Rozkowski, 2004) identified intense and highly significant correlations between pruning height at 36 years old and total height reached at the age of 9 (r = 0.68), with a base surface at age 13 (r = 0.65). Conversely, our evaluations made in the two field trials showed that the TSC did not correlated with the gradients of the geographic location of populations' origin (Tab. 4). In both trials negative and significant correlations were seen with the mean radial increment (r = -0.62 in the Avrig trial and r = -0.58 in the Breţcu trial).
The reduction of TSC with age is a beneficial adaptive response for spruce. Higher values recorded, especially in trials from outside the natural range in pre-mountainous areas, as in the Avrig trial, determine vulnerabilities. In fact, values for TSC higher than 80 are considered critical for spruce (Abetz, 1987) .
Crown characteristics
Because of the 10.6% lower average values for the total height in the Breţcu trial, but 9.6% higher for the crown The positive effect of CLA determined on the radial increment and height was highlighted by the multiple correlation presented in Fig. 4 . In order to increase the stability of Norway spruce stands, in conjunction with their native potential concerning stem and crown traits, other complementary silviculturale procedures (such as establishment of mixed stands, formation of well balanced stems and crowns by early thinning of the stands, proper distribution of the stand in the timber harvesting process, etc.) must be taken into account, as they proved to be very efficient even in conditions of strong impact from harmful environmental factors (Klopcic et al., 2009; Schütz et al., 2006) .
Conclusions
The Norway spruce populations adapted to the mountainous environmental conditions, showed, in the field trial located outside of their natural distribution range, the Southern Carpathians, but only 6.8% higher in the Western Carpathians (Fig. 2) .
Trees with large height generated low levels for CSC in both testing sites. However, the negative correlation between the mean annual radial increment and CSC was more intense and significant ONR (Tab. 4). Of the total biomass production, the twigs and the needles contribute 40% (Kilpelainen et al., 2010) . However, well-developed crowns are an opportunity for abundant fructification (White et al., 2007) .
Due to the fact that at older ages the CSC reduces, it is expected that the proportion of biomass stored in the trunk will grow.
Crown ratio (CR) is another very important trait for measuring the accumulation of biomass in spruce. In fact, Kantola and Mäkelä (2006) considered this parameter as a key source of structural variation between different ages and social positions. The value determined by the aforementioned authors, at the age of 30 -40 years was 18% higher than that recorded in this paper (50%). Colin and Houllier (1992) indicate a roughly exponential function for CR decreasing with age, and in Norway spruce stands in Finland there is a negative correlation between CR and TSC, with the value r = -0.38. In our study, in both trials this correlation was highly significant (r = -0.49).
The crown lateral area (CLA) was approximately 15 m2 and showed an increasing trend in the trial located ONR (+ 9.7%). The seed stands originating in the Southern Carpathians represented an exception, the balance between the CLA values in the two trials being almost zero. The greatest differences between the two trials were seen between the seed stands originating in the Western Romanian Carpathians, for which the values were 25.4% higher in the Avrig test (Fig. 3) . We also noted that the CLA was increased ONR, but the behaviour in the two trials differed between different branches of the Carpathians.
The CLA was highly and positively correlated with the mean annual RI, but correlated more strongly in the ONR trial (Tab. 4). The correlation was much stronger in an evident accentuation of the stem and crown traits that generate vulnerability against the disruptive effects of wind and snow. These results confirm the risks of planting the Norway spruce outside its natural distribution range.
The fact that the populations react different to the changing of the environmental conditions, revealed by Anova, indicate an increased risk of forest reproductive material transfer without a scientific base provided by the multisite field trials.
The correlations between the traits involved in the temporal and spatial stability of stands, as well as the correlations determined by the geographic gradients, confirm the utility and necessity of evaluations using multisite trials in the management of risks for Norway spruce stands.
Having a high bioaccumulation potential in the lands situated outside the natural range and also having smaller slenderness indices, Western Romanian Carpathian seed stands could be used as a source for supplying seeds to installed the biomass cultures in the areas protected from the harmful action of the abiotic factors (wind and snow).
